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During t h i s  r e p o r t  per iod,  major e f f o r t  was devoted t o  

ae roso l  measurements carried out i n  conjunction w i t h  t he  

McDonnell-Douglas Sixty-Day Space Cabin Simulator T e s t .  Other 

a c t i v i t i e s  included f u r t h e r  i n v e s t i g a t i o n  of the hot-wire 

d rop le t  sensor ,  t h e o r e t i c a l  s t u d i e s  t o  optimize t h e  d e t e c t o r  

geometry of' t h e  NASA-ERC Aerosol P a r t i c l e  Analyzer ( A P A ) ,  and 

an i n i t i a l  review of the  a p p l i c a t i o n  of a laser-holograph t o  

a e r o s o l  s t u d i e s .  Consul ta t ion and t e c h n i c a l  support  were a l s o  

provided a t  the  reques t  of NASA-ERC. A summary of these ac- 

complishments i s  presented  below. 

1. McDonnell-Douglas Sixty-Day Space Cabin Simulator T e s t  

During t h e  McDonnell-Douglas Sfxty-Day Space 

Cabin Simulator  T e s t ,  extended p a r t i c l e  s t u d i e s  were 

made to ob ta in  information on t h e  v a r i a t i o n s  i n  air- 

borne dus t  concent ra t ions  wi th  t i m e  i n  a closed space 

cabin environment, as w e l l  as to provide i n s i g h t  I n t o  

the chemical and phys ica l  c o n s t i t u e n t s  of t he  ambient 

a e r o s o l .  I n  add i t ion ,  the  ope ra t iona l  compat ib i l i ty  

of s e v e r a l  p o s s i b l e  f l i g h t  instruments  was i n v e s t i -  

gated. It was considered that  t h i s  test would 

provide ope ra t iona l  experience i n  planning and con- 

duc t ing  space f l i g h t  experiments such as t h e  TOO3. 

A previous  s tudy on the Langley I n t e g r a t e d  L i f e  

Support System (ILSS) by NASA-ERC, al though l imi t ed  
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i n  scope, provided some information on ae roso l  

l e v e l s  expected and gave some i n d i c a t i o n  of pos- 

s ib le  ope ra t iona l  d i f f i c u l t i e s .  Even though these 

s t u d i e s  f a l l  s h o r t  i n  t h e i r  r ep resen ta t ion  of a c t u a l  

f l i g h t  condi t ions ( f o r  example, zero g r a v i t y  cannot 

be s imula ted) ,  t he  tests provide valuable  i n s i g h t  on 

the  number, s i z e ,  and composition of a i rborne  parti- 

c u l a t e s  which might be dispersed during manned-space 

f l i g h t ,  and base l i n e  data which i s  otherwise not  

ava i l ab le .  

Two a i r  sampling regimes f o r  p a r t i c u l a t e s  were 

c a r r i e d  out during the Simulator t es t .  The Aerosol 

Par t ic le  Analyzer was used t o  sample a t  four l oca t ions ,  

fou r  times each day. The l o c a t i o n  and sampling times 

were chosen t o  provide maximum information on t h e  

e f f e c t  of cabin opera t ions  on ae roso l  generat ion.  

These measurements were made by the t e s t  crew and the  

r e s u l t s  were en tered  d i r e c t l y  i n  separate logs.  

These instantaneous o r  grab sample measurements wi th  

the Aerosol Par t ic le  Analyzer were supplemented by a 

t ime-integrated a i r  sampling sys tem.  I n  t h i s  sys t em,  

a three-hour membrane f i l t e r  a i r  sample was obtained 

every o t h e r  day a t  a s i n g l e  loca t ion  using a b a t t e r y  

powered sampling pump (Mine Sa fe ty  Appliances Co., 

Monitair  Sampler). 

were re turned  t o  NASA-ERG and counted a t  the Harvard 

School of Publ ic  Health. A i r  concentrat ions were 

These membrane f i l t e r  samples 
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ca lcu la t ed  based upon t h e  p a r t i c l e  count, sampling 

rate, and sampling time. To roughly estimate air- 

borne par t ic le  s i z e s ,  t h e  membrane f i l t e rs  were 

counted by l i g h t  microscopy a t  two d i f f e r e n t  magnifi- 

ca t ions .  This  procedure permitted counting a l l  

particles larger than 1 .0  micron a t  the lower magnifi- 

c a t i o n  while the higher  power permitted d e t e c t i o n  of 

a l l  p a r t i c l e s  w i t h  s i z e s  greater than 0.6 micron. 

These data are summarized i n  Table 1. 

Table  1 

Membrane F i l t e r  Data, McDonnell-Douglas T e s t  

Concentration, thousands of' 
par t ic les  p e r  cubic  feet ,  

>1.0 micron >0.6 micron 

Range 6.5 - 61.4 1 4 . 4  - 112.7 

Average 18.9 46.8 

The data presented i n  Table  1 i n d i c a t e  the 

gene ra l  c l e a n l i n e s s  of' t he  cabin environment and cor- 

respond to a Federal Standard #209 Class 100,000 white  

room i n s t a l l a t i o n .  

Data obtained from the  Aerosol P a r t i c l e  Analyzer 

showed s i g n i f i c a n t  hourly v a r i a t i o n s  i n  d u s t  concentra- 

t i o n s .  I n  many cases ,  peak concent ra t ions  could be 

t r a c e d  t o  a s p e c i f i c  opera t ion  being conducted i n  

t h e  Simulator .  I n  genera l ,  t he  APA data p a r a l l e l e d  
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the  data from the membrane f i l t e r  samples. Both 

techniques showed l i t t l e  or no decrease i n  concentra- 

t i o n  w i t h  time. 

The v a r i a t i o n  i n  concentrat ion of t h e  d i f f e r e n t  

par t ic le  s i z e  f r a c t i o n s  i d e n t i f i e d  by the APA d i d  not  

r e v e a l  c l o s e  coupling between s i z e  f r a c t i o n s .  I n  a 

non-gravity env i ronmen t ,  c lo se  coupling would be 

expected s i n c e  aerodynamic c h a r a c t e r i s t i c s  dependent 

on weight and thus  s ize  would be non-existent.  

The Thermal Control and A i r  D i s t r i b u t i o n  Sub- 

System i n  t h e  Simulator was f i t t e d  w i t h  a fiberglas 

a i r  f i l t e r  which c o l l e c t e d  a s i g n i f i c a n t  amount of 

dus t  during the Sixty-Day T e s t .  By assuming tha t  

t h i s  depos i t  was r e p r e s e n t a t i v e  of  the a i rbo rne  dus t  

i n  the Simulator, i t  was poss ib l e  t o  use i t  to 

determine the  chemical composition of the a i rborne  

dust. 

O f  the  deposited d u s t ,  approximately 15 percent  

was found t o  be s i l i c e o u s .  S i l i c a  could o r i g i n a t e  

from any of the  fiberglas materials p resen t  such as 

bedding covers,  equipment covering, or t h e  Beta- 

c l o t h  garments worn by the  test crew. Microscopic 

examination of  the  f i l t e r  depos i t  revea led  a s i g n i f i -  

can t  amount of 5 micron f ibers  which are c h a r a c t e r i s t i c  

of the b a s i c  f i b e r  of the Beta c l o t h  so tha t  a t  least  

some of t h e  a i rbo rne  material o r i g i n a t e d  from the  

Beta-cloth garments. I n  add i t ion  to t he  s i l i c e o u s  
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materials, approximately 15 t o  25 percent  of the 

depos i t  on the  f i l t e r  was found to be s k i n  s c a l e s .  

The s k i n  s c a l e s  were i d e n t i f i e d  by analyzing t h e  

sample of the f i l t e r  cake f o r  Urocanic ac id .  

Urocanic a c i d  i s  unique t o  mammalian s k i n  and its 

concentrat ion i n  s k i n  is  w e l l  known. A br ief  summary 

of the  composition of t he  dus t  c o l l e c t e d  on the  

fiberglas f i l t e r  i s  shown i n  Table 2 .  

Table 2 

Composition of Dust Col lected On F i l t e r  Taken From 
Thermal Control and A i r  D i s t r i b u t i o n  Sub-system 

Material Percent 

Moisture ( l o s s  a t  11O0F) 9 

Ash (muff le  a t  550OC) 32 

S i l i c e o u s  15 
Balance 1 7  

h 

Skin Sca les  15-25 

Volat i les  34-44 

The ae roso l  s t u d i e s  descr ibed were the basis for 

t h e  fol lowing papers presented by NASA-ERC and Harvard 

School of Publ ic  Health i n v e s t i g a t o r s .  

E.  Rosenblum, W. A.  Burgess, P. C .  Reist, and 
L. Long, "A Family of Por tab le  Versatile Aerosol 
Par t ic le  Analyzers .'I Presented a t  the  3rd 
Annual Meeting of the  Associat ion f o r  t he  
Advancement of Medical Instrumentat ion,  Houston, 
Texas (May 1968). (To be published i n  t h e  JAAMI, 
January 1969) 
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W. A. Burgess, A. L. Lavery, P .  C. R e i s t ,  and 
W. Z. L e a v i t t ,  "Aerosol Measurement i n  Closed 
Space Cabin Systems,' ' presented a t  t he  1968 
Aerospace Medical Association Annual Meeting, 
M i a m i ,  F l o r i d a  (May 1968). (Published i n  t h e  
Proceedings) 

A f i n a l  r e p o r t  on the McDonnell-Douglas Space 

Cabin Simulator w i l l  be published i n  November 1968. 

2. Hot Wire Droplet Sensor 

Laboratory s t u d i e s  of t h e  hot-wire sensor  

continued during t h i s  r e p o r t  per iod  wi th  major empha- 

s is  given t o  t h e  c a l i b r a t i o n  of t he  device and a 

determinat ion of i t s  performance c h a r a c t e r i s t i c s .  

The s t u d i e s  were c a r r i e d  out using a water drop le t  

aerosol generated by a Mistogen EN-140 Ul t ra son ic  

Generator. A DISA Hot Wire Anemometer Probe with  

a 5 micron element was used as t h e  sensor .  Pulse  

information from the  hot  w i r e  was fed t o  an o s c i l -  

loscope and 1 6  mm movies were made of t h e  osc i l l o scope  
h 

d i s p l a y .  Area and he igh t  measurements of i n d i v i d u a l  

pu l se s  were c a r r i e d  ou t .  

The ae roso l  was s i z e d  i n d i r e c t l y  using a 0 . 1  

percent  sodium ch lo r ide  s o l u t i o n  as the ae roso l  

material. The dr ied ae roso l  was c o l l e c t e d  and 

e l e c t r o n  photomicrographs were s i z e d  t o  determine 

the  d i s t r i b u t i o n  of the dr ied p a r t i c u l a t e .  From 

t h i s  d i s t r i b u t i o n  data, the s i z e  d i s t r i b u t i o n  of 

the paren t  d rop le t  a e r o s o l  was ca lcu la t ed .  The 



count median diameter of t h e  

to be 4 . 1  micron w i t  

The d r o p l e t  concen t r a t io  

d r o p l e t s  per l i t e r .  

It was observed that a t  an a i r  v e l o c i t y  over 

the probe of 40 em. per second and a w i r e  temperature 

of 13loC,  the degree of d i spers i ty  of t h e  water drop- 

l e t  aerosol based on measuring pu l se  areas was found 

t o  agree c lose ly  w i t h  that ca lcu la t ed  from t h e  sodium 

ch lo r ide  measurements implying a rough c a l i b r a t i o n .  

Unfortunately,  i t  appears that w i r e  temperature 

does affect  d e t e c t o r  output somewhat, cont ra ry  to 

what had been deduced by previous i n v e s t i g a t o r s .  

Whether t h i s  e f f e c t  negates  use of t h e  device f o r  

d rop le t  measurement i s  s t i l l  to be determined. 

A detailed account of t h i s  work was included i n  
x 

t h e  fol lowing paper  by t h e  i n v e s t i g a t o r s .  

P. C. Reist and W. A. Burgess, "Cal ibra t ion  of 
a Heated Wire Anemometer," presented  a t  the  
American I n d u s t r i a l  Hygiene Conference, S t .  
Louis, Missouri  (May 16, 1968). (Paper has 
been submitted to the  J A I H A )  

on of Holographic Techniques t o  Aerosol 

The a v a i l a b i l i t y  of a Technical Operations 

holograph sys t em a t  NASA-ERC prompted a review of 
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this r e p o r t  pe r iod  was q u i t e  explora tory  i n  na tu re .  

T h i s  work w i l l  be continued during t h e  next  r e p o r t  

pe r iod  as a po r t ion  of a graduate  student?s doc to ra l  

program. 

4. Calcula t ion  of Optimum S c a t t e r i n g  Geometries f o r  
P a r t i c l e  Detectors  

I n  designing l i g h t  s c a t t e r i n g  p a r t i c l e  d e t e c t o r s ,  

the  choice of a good s c a t t e r i n g  geometry i s  l a r g e l y  

guesswork. Some t h e o r e t i c a l  computatfons for  s e v e r a l  

d e t e c t o r  geometries and var ious p a r t i c l e  r e f r a c t i v e  

ind ices  have been made by o the r  i n v e s t i g a t o r s  using 

Mie theory,  but  t h e  complexity of the  computations 

has u n t i l  r ecen t ly  precluded gene ra l  op t imiza t ion  

c a l c u l a t i o n s .  

By using a computer program f o r  c a l c u l a t i n g  

l i g h t  s c a t t e r i n g  according t o  the  Mie theory, we 

plan  t o  ca r ry  out these opt imizat ion c a l c u l a t i o n s ,  

consider ing var ious  l i g h t  sources,  as well as var ious  

d e t e c t o r  geometries.  Development of t h i s  information 

w i l l  a i d  i n  f u t u r e  modif icat ions t o  t h e  APA series of 

p a r t i c l e  d e t e c t o r s .  

h 

Figures  l a  and lb show t h e  two genera l  geometries 

which can be considered f o r  l i g h t  s c a t t e r i n g  pa r t i c l e  

d e t e c t o r s .  The first case i s  the  so-ca l led  c e n t r a l  

dark s t o p  geometry, while  t h e  second i s  t h e  hollow cone 

geometry. 
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Figure 2 shows the  apparent r e c i p r o c i t y  between 

t h e  two geometries f o r  t r anspa ren t  particles of re- 

f r a c t i v e  index 1.6. T h i s  f i g u r e  i n d i c a t e s  that the  

two geometries are comparable, although t h e  c e n t r a l  

dark s t o p  conf igura t ion  may be more desirable because 

it t r ansmi t s ,  on t h e  average, about 5 times more l i g h t  

than t h e  hollow cone conf igura t ion .  

(The above e f f o r t  was c a r r i e d  out by M r .  James 

Draper, consul tan t  to the  g r a n t .  ) 

5. Future A c t i v i t i e s  

The major research areas p resen t ly  underway w i l l  

be continued inc luding  the study of the holograph 

f o r  ae roso l  a p p l i c a t i o n s ,  s tudy of t h e  s i z e  d i s t r i b u -  

t i o n  of c a l i b r a t i n g  ae roso l s  using both l i g h t  s c a t t e r  

and ho t  w i r e  sensors  wi th  pu l se  height condi t ioning 

c i r c u i t s  developed a t  NASA-ERC, a pub l i ca t ion  of a 

f i n a l  report  on t h e  McDonnell-Douglas Space Cabin 

Simulator  Study, and the app l i ca t ion  of a hot  wire 

d e t e c t o r  t o  condensation n u c l e i  counters .  

1 

Future e f f o r t  i n  optimizing t h e  geometry of t he  

APA series inc ludes  comparison of dark f i e ld  and 

dark s t o p  geometries for s e v e r a l  o t h e r  i n d i c e s  of 

r e f r a c t i o n  inc luding  at least  one case f o r  absorbing 

spheres, and then  optimizing the design by varying 
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8 ,  n, a d  Qmax. 

on c e r t a i n  other s p e c i f i c  l i g h t  s c a t t e r i n g  problems. 

I n  a d d i t i o n ,  some work i s  planned 


